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1
HEARING ASSISTANCE DEVICE CONTROL

RELATED APPLICATIONS

The present patent application 1s a continuation of U.S.

Ser. No. 14/825,703, filed on Aug. 13, 2015, which 1s a
continuation of U.S. Ser. No. 14/238,823, filed on Apr. 22,
2014, which claims the benefit of the filing date under 35
U.S.C. §119(e) of U.S. Provisional Patent Application Ser.
No. 61/828,081, filed May 28, 2013, which i1s hereby 1ncor-
porated by reference herein 1n 1ts entirety.

This invention was made with government support under

R44 DCO013093 (Ear Machine LLC, SBIR subcontract to
Northwestern University, Agreement May 24, 2013)
awarded by the National Institutes of Health. The govemn-
ment has certain rights in the invention.

TECHNICAL FIELD

This disclosure relates 1n general to the field of hearing
assistance devices, and more particularly, to a mobile device
for hearing assistance device control that 1s user configu-
rable.

BACKGROUND

In the United States, where more than 36 million people
require treatment for their hearing loss, only 20% actually
seek help. The high out of-pocket cost of hearing assistance
devices consistently shows up as one of the major obstacles
to treatment. In countries where such costs are lower or
nonexistent, adoption rates for hearing treatment are often
between 40 and 60%. In the United States, some of the
tactors that drive up the cost of hearing assistance devices
are diagnosis, selection, fitting, counseling, and fine tuning.

The process of purchasing and configuring a hearing
assistance device 1s time consuming and expensive. Every
patient’s hearing loss 1s diflerent. In many cases, people with
hearing loss hear loud sounds normally but have can not
detect quieter sounds. Hearing loss also varies across fre-
quency.

No hearing aids can truly correct a hearing loss. However,
the configuration of a hearing aid to the patient’s needs 1s
critical for a successiul outcome. Typically, a patient visits
a hearing aid specialist and receives a hearing test. Various
tones are played for the patient, and the hearing aid 1s
configured according to the patient’s responsiveness to the
various tones and at various sound levels.

The mitial configuration of the hearing aid 1s usually not
acceptable to the patient. The patient returns and provides
teedback to the hearing aid specialist (e.g., the sound 1s too
“tinny,” the patient cannot hear televisions at normal levels,
or restaurant noise 1s overwhelming). The hearing aid spe-
cialist makes adjustments 1n the tuning of the hearing aid.
Although this iterative approach can be eflective, the
approach 1s limited by the patient’s ability to convey the
shortcomings of the hearing aid setting with language, and
the ability of the hearing aid specialists to translate that
language 1nto hearing aid settings. Olften, many follow-up
visits are necessary, adding cost and time to an already
uncomiortable process for the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present embodiments are
described herein with reference to the following drawings.
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FIG. 1A illustrates an example system for hearing assis-
tance device control.

FIG. 1B 1illustrates another example system for hearing
assistance device control.

FIG. 2A 1llustrates another example system for hearing
assistance device control.

FIG. 2B illustrates another example system for hearing
assistance device control.

FIG. 3 illustrates an example network including the
system for hearing assistance device control.

FIG. 4 illustrates an example component analysis for the
system for hearing assistance device control.

FIG. § 1llustrates an example trajectory for the component
analysis of FIG. 4.

FIG. 6 illustrates another example component analysis for
the system for hearing assistance device control.

FIG. 7 illustrates an example trajectory for the component
analysis of FIG. 6.

FIG. 8 1llustrates an example user interface for the system
for hearing assistance device control.

FIG. 9 illustrates another example user interface for the
system for hearing assistance device control.

FIG. 10 illustrates an example device for the system of
FIG. 1.

FIG. 11 illustrates an example flowchart for the device of
FIG. 10.

FIG. 12 1illustrates an example server for the system of
FIG. 1.

FIG. 13 1llustrates an example flowchart for the server of
FIG. 12.

DESCRIPTION OF EXAMPLE EMBODIMENTS

In the typical distribution channel, users of hearing assis-
tance devices may be given limited or no control over the
signal processing parameter values (e.g., digital signal pro-
cessing (DSP) values) that influence the sound of the assis-
tance devices. In most cases, users can only change overall
sound level. This 1s problematic because many of the signal
processing parameters other than overall level can dramati-
cally influence the success that the patient has with the
hearing assistance device.

Adjustment of the signal processing parameter values
may be done by a climician. This 1s problematic because the
adjustments are costly (requiring clinician hours) and might
not address the user’s concerns because the adjustments rely
on 1mprecise memory and language. It 1s also not feasible to

give the user control of all signal processing parameter
values because of the esoteric nature of DSP techniques. In
addition, there can be a large number of parameter values
(e.g., greater than 100).

The following example embodiments facilitate user
adjustment of hearing assistance devices to reduce key
components of the current cost barrier that excludes some
patients from the hearing aid market. The example embodi-
ments may increase the eflicacy of both traditional treatment
flows through audiologists and hearing aid dispensers, as
well as facilitate the distribution of hearing aids directly to
consumers. Described here 1s a method and system for fitting
and adjusting hearing assistance devices that 1s centered on
user-based adjustment. The example embodiments include
one or more controllers, each controller affecting numerous
signal processing parameter values. The technology could
be used either in conjunction with clinician hearing aid
fitting, or as a stand-alone technique or device.

The following examples simplity the process and enable
a paradigm 1n which the user adjusts the sound of the hearing
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assistance device by adjusting one or more simple control-
lers that each manipulates numerous signal processing
parameter values. The examples may include combinations
ol signal processing parameter values and placing the com-
binations on a perceptually relevant dimension. In one
example, the perceptually relevant dimension may be a
dimension based on auditory similarity between adjacent
sets of the signal processing parameter values. A personal
computer, mobile device, or another computing device may
display a user interface that i1s specifically formulated to
accommodate users with poorer-than-normal dexterity,
which 1s a common attribute of older individuals with
impaired hearing.

FIG. 1A illustrates an example system for hearing assis-
tance device control. The system includes a computing
device 100, a microphone 103, and a speaker 105. The
computing device 100 1s electrically coupled (e.g., through
a wire or a wireless signal) to the microphone 103 and the
speaker 105. Additional, different, or fewer components may
be mncluded. The computing device 100 may be a personal
computer or a mobile device. The mobile device may be a
handheld device, such as a smart phone, a mobile phone, a
personal digital assistant, or a tablet computer. Other
example mobile devices may include a tablet computer, a
wearable computer, an eyewear computer, or an implanted
computer. The microphone 103 and the speaker 105 may
reside 1n earphones with built in microphone that plugs into
the earphone jack of the mobile device or communicates
wirelessly with the mobile device.

The computing device 100 may function as a hearing
assistance device. The computing device 100 may be con-
figured to receive audio signals through the microphone 103,
modily the audio signals according to a hearing assistance
algorithm, and output the modified audio signal—all 1n real
time or near real time. Near real time may mean within a
small time interval (e.g., 50, 200 or 500 msec). The com-
puting device 100 includes a user interface including at least
one control input for settings of the hearing assistance
algorithm.

A control mput moves along a trajectory in which each
point along that trajectory corresponds to an array of signal
processing parameter values aflecting a hearing assistance
algorithm. The trajectory may be a single dimensional path
through a multi-dimensional data set. The multi-dimensional
data set may be reduced from a set of audiological values for
a population. The population may refer to a population of
humans with varying hearing loss that have provided data
related to optimal or estimated hearing assistance values.
The population may refer to a population of data samples
that may have been determined to be representative of a
target population according to the statistical algorithm.

FIG. 1B 1illustrates another example system for hearing
assistance device control. The system includes a server 107,
a computing device 100, a microphone 103, and a speaker
105. The computing device 100, which may include any of
the alternatives above, 1s electrically coupled to the micro-
phone 103 and the speaker 105. Additional, different, or
fewer components may be included.

The server 107 may be any type of network device
configured to communicate with the computing device over
a network. The server 107 may be a gateway, a proxy server,
a distributed computer, a website, or a cloud computing
component. The network may include wired networks, wire-
less networks, or combinations thereof. The wireless net-
work may be a cellular telephone network, an 802.11,
802.16, 802.20, or WiMax network. Further, the network

may be a public network, such as the Internet, a private
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network, such as an intranet, or combinations thereof, and
may utilize a variety of networking protocols now available
or later developed including, but not limited to TCP/IP based
networking protocols.

The server 107 may be configured to define mapping from
controller position to the signal processing parameter values
of the hearing assistance algorithm. For example, the server
107 may receive the audiological values from a database.
The server 107 may analyze audiological values to calculate
the hearing assistance algorithm. For example, the server
107 may perform a dimension reduction on the audiological
values to derive a single dimensional path (e.g., curve or
line) through the audiological values.

FIG. 2A 1llustrates another example system for hearing
assistance device control. The system includes a separate
hearing assistance device 108 coupled (e.g., through a cable
or wirelessly) to the computing device 100. The computing
device 100 may include s microphone 103 and a speaker
105. Additional, different, or fewer components may be
included. The hearing assistance device 108 may be any
devices that can pick up, process, and deliver to the human
auditory system ambient sounds around the user. Examples
for the hearing assistance device 108 include hearing aids,
personal sound amplifier products, cochlear 1mplants,
middle ear implants, smartphones, headsets (e.g., Blu-
ctooth), and assistive listening devices.

The hearing assistance device 108 may be classified
according to how the device 1s worn. Examples include body
worn aids (e.g., the hearing assistance device 108 fits in a
pocket), behind the ear aids (e.g., the hearing assistance
device 108 1s supported outside of the human ear), in the ear
aids (e.g., the hearing assistance device 108 1s supported at
least partially 1nside the ear canal), and anchored ear aids
(c.g., the hearing assistance device 108 1s surgically
implanted and may be anchored to bone).

The hearing assistance device 108 may receive audio
signals through the microphone 103, modily the audio
signals according to a hearing assistance algorithm, and
output the modified audio signals. The computing device
100 includes a user interface including at least one control
input for settings used to define the hearing assistance
algorithm. The settings for the hearing assistance algorithm
are transmitted from the computing device 100 to the
hearing assistance device 108 and stored in memory by the
hearing assistance device 108. The bi-directional commu-
nication between the computing device 100 and the hearing
assistance device 108 may be a wired connection or a

wireless connection using a radio frequency signal, one of
the family of protocols known as Bluetooth, or one of the
family of protocols known as IEEE 802.11.

FIG. 2B 1illustrates another example system for hearing
assistance device control. The system 1ncludes a server 107
in addition to a separate hearing assistance device 108
clectrically coupled to the computing device 100. Addi-
tional, different, or fewer components may be included.

In one example, the server 107 calculates a controller-
position-to-signal-processing-parameter-value mapping
from audiological values. The server 107 downloads the
mapping including multiple settings to the computing device
100. The computing device 100 includes a user interface
including at least one control mnput for settings used to define
the mapping. The mapping 1s transmitted from the comput-
ing device 100 to the hearing assistance device 108 and
stored 1n memory by the hearing assistance device 108. The
hearing assistance device 108 may receive audio signals
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through the microphone 103, modily the audio signals
according to a hearing assistance algorithm, and output the
modified audio signals.

FIG. 3 illustrates an example network 109 including the
system for hearing assistance device control. The network
109 may include any of the network examples above. The
server 107 may collect the set of audiological values from
multiple computing devices 100 through the network 109.
The computing devices 100 may include a testing mode 1n
which users or clinicians provide optimal audiological val-
ues.

In another example, the server 107 may query a database
111 for the audiological values, and the database 111 sends
the audiological values to the server 107. The audiological
values may include audiograms, signal processing values,
target electroacoustics, or another data set. The audiological
values may include hearing aid prescription values compiled
by hearing aid manufactures or clinicians.

The set of audiological values may be defined according
to a population. The population may be a population of
possible dataset values. The population may be based on a
group of humans. The group of humans may be defined by
a set of target users such as all individuals, all hearing aid
users, only individual with moderate loss, only imdividuals
with severe loss, only individuals with mild loss, or another
set of users.

Example sources (e.g., database 111) for the set of audio-
logical values include the National Health and Nutrition
Examination Survey (NHANES) database from the Centers
for Disease Control and the presbyacusis model from the
International Standards Organization.

The server 107 may perform a statistical algorithm on the
audiological values. Example statistical algorithms include
clustering algorithms, modal algorithms, a dimension reduc-
tion algorithm, or another techmique for identifying a rep-
resentative data set from the audiological values. The sta-
tistical algorithm may divide the audiological data into a
predetermined number (e.g., 10, 20, 36, 50, 100, or another
value) of groups.

If included, the clustering algorithm may organize the
audiological values 1nto groups such that data values 1n a
cluster or more like other data values in the cluster than data
values 1n other clusters. Example clustering algorithms
include centroid based clustering, distribution based clus-
tering, and k-means clustering.

Example modal algorithms organize the set of audiologi-
cal values based on the most likely occurring values. For
example, the audiological values may be divided into ranges
in the total span of the data. The quantity of the ranges
selected may be the predetermined number (e.g., 10, 20, 36,
50, 100, or another value) of groups. The ranges having the
most values in them may be selected. For example, the data
values may be divided mto 100 equally spaced ranges, and
the 36 ranges with the most data points are selected as the
representative data set.

Additional dimension reduction techniques include prin-
cipal component analysis and self-organizing maps (SOMs)
which may be used to organize the audiological values into
the representative data set. Self-orgamizing maps include
methods 1n which a number of nodes are arranged 1n a
low-dimensional geometric configuration. Each node stores
a function. When training data are presented to the SOM, the
node with the function that i1s the closest {it to the 1tem 1s
identified and that function 1s changed to be more similar to
the example. Further, the functions in the ‘neighboring’
nodes also change their stored function, but the influence of
the traiming example on the stored function decreases as the
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distance increases. Over time, the high-dimensional dataset
1s represented 1n low dimensional space. The stored func-
tions 1n each node are representative of the larger data set

The audiological values may be audiograms, which 1s the
function or set of data that describes that quietest detectable
tone (via air- and bone-conduction) by a user as a function
of frequency. The audiological values may be target elec-
troacoustic performance, signal processing parameters or
signal processing parameters may be derived from the
audiological values (for instance using a hearing aid pre-
scription algorithm). The transformation of audiograms nto
signal processing parameters may occur before or after the
data set 1s modified using the statistical algorithm.

The term signal processing parameters may refer to the
parameters of the algorithms used in hearing devices that
change the output of those devices. The signal processing
parameters may intluence digital signal processing param-
cters such as gain, compression ratio, compression thresh-
old, compression attack time, compression release time,
limiter threshold, limiter ratio, limiter attack time, and
limiter release time. Each of these parameters can be defined
on a frequency-band-specific basis.

The compression threshold 1s the value of the sound level
of the input (usually specified in decibels, often decibels
sound pressure level) above which the compression becomes
active.

The compression ratio 1s the relationship between the
amount by which the input exceeds the compression thresh-
old (the numerator) and the amount by which the output
should exceed that threshold (the denominator). Both the
numerator and denominator may be expressed in decibels.

The compression attack time and limiter attack time are
the time constants that specily how quickly compression
should be engaged once the mput signal exceeds the com-
pression threshold.

The compression release time and limiter release time are
the time constants that specily how quickly compression
should be dis-engaged once the mput signal falls below the
compression threshold. The limiter threshold 1s the value of
the sound level of the input (usually specified in decibels,
often decibels sound pressure level) above which the limat-
ing becomes active.

The limiter ratio 1s the relationship between the amount
by which the mput exceeds the limiter threshold (the
numerator) and the amount by which the output should
exceed that threshold (the denominator). Both the numerator
and denominator are usually expressed 1n decibels. In the
case of limiting the ratio can be very high and 1n the extreme
case reaches a value of infinity to 1.

It 1s also recogmized that the signal processing can be done
in the digital or analog domains. A combination of signal
processing parameter values may define an output from a
hearing aid prescription.

Hearing aid prescription refers to a wide variety of
techniques 1n which some measurement of an 1ndividual’s
auditory system 1s used to determine the target electroacous-
tic performance of a hearing device that 1s appropriate for
that individual. The measurement 1s typically the audiogram,
which 1s the quietest sound that can be detected by the
individual as a function of frequency (e.g., combinations of
sound levels and frequency values). The sound levels are
typically described mn dB HL (decibels hearing loss)—a
scale 1n which 0 dB HL 1s the sound level for which people
with normal can reliably detect the tone. Many hearing aid
prescriptions have been developed including, but not limited
to, NAL-NL1, NAL-NL2, NAL-RP, DSL (1/0), DSL 5,
CAM, CAM2, CAM2-HF, and POGO. Target electroacous-
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tic performance refers to the desired electroacoustic output
of a hearing device or the hearing assistance algorithm for a
specified mput. The mput may take a wide varniety of forms
such as a pure tone of a particular frequency at a particular
iput level, or a speech-shaped noise at a particular 1mput
level. Similarly output can be specified 1n terms of values
such as real ear insertion gain (as described by ANSI
S53.46-1997), real ear aided gain (as described by ANSI
S53.46-1997), 2 cc coupler gain (as 1n insertion gain, but
sound level measured in a 2 cc coupler rather than a real ear),
and real ear saturation response (SPL, as a function of
frequency, at a specified measurement point in the ear canal,
for a sound field suilicient to operate the hearing instrument
at 1ts maximum output level, with the hearing aid (and 1ts
acoustic coupling) 1n place and turned on, with the gain
adjusted to full-on or just below feedback). In most cases, 1n
a well characterized system 1t 1s possible to determine the
signal processing parameter values that provide the target
clectro acoustic performance. Translating between signal
processing parameter values and target electroacoustic per-
formance may be done using a lookup table or translation
function. The desired electroacoustic performance can be
returned 1 a wide variety of formats such as input-level
gains and frequency-specific msertion gains. The gains may
be described for a quiet (50 dB SPL), moderate (65 dB SPL),
and loud (80 dB SPL) speech shaped noise. For each level
target 1nsertion gain may be defined at 19 logarithmically
spaced frequencies. There can be multiple mstances of each
prescription if a representative of subset of real-ear acoustics
are added to each prescription.

The results of the statistical algorithm may be referred to
as a representative data set. If the statistical algorithm 1s
used, the representative data set 1s smaller than the full set
of audiological values and may be more easily stored and
transmitted among any combination of the computing device
100, the server 107, and the hearing assistance device 108.
The representative data set may optimally encompass the
values that are appropriate for the population. The statistical
algorithm 1s optional.

FIGS. 4-7 provide at least one example of a dimension
reduction algorithm performed on the representative data set
that encompasses the audiological values for the population
or directly on the set of audiological values. When the
optional statistical algorithm described above for moditying
the full set of audiological values to the representative data
set 1s a dimension reduction algorithm, two dimensional
reduction algorithms are used. The dimension reduction
algorithm may be performed by the server 107, the hearing
assistance device 108, or the computing device 100. Dimen-
sionality reduction refers to a series of techniques from
machine learning and statistics 1n which a number of cases,
cach specified 1n high-dimensional space are transformed to
a space of fewer dimensions. The transformation can be
linear or nonlinear, and a wide variety of techniques exist
including (but not limited to) principal components analysis,
factor analysis, multidimensional scaling, artificial neural
networks (with fewer output than input nodes), self-orga-
nizing maps, and k-means cluster analysis. Similarly, per-
ceptual models of psychophysical quantities (e.g., ‘loud-
ness’) can also be considered dimension reduction
algorithms. The exemplary embodiments described here
focus on principal components analysis but any example
technique may be used.

FIGS. 4-7 illustrate a dimension reduction algorithm
applied to target nsertion gain. However, the data may be
arranged according to any sound characteristic or auditory
model that 1s meaningiul to the non-techmically-advanced
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user. Examples of these types of audio characteristics
include gain, loudness, and brightness.

Loudness may be the perceived intensity of sound. Loud-
ness may be subjective as a function of multiple factors
including any combination of frequency, bandwidth, and
duration. An example signal may be passed through each of
the signal processing values combinations (e.g., representa-
tive data set). Each output may be passed through a model
of loudness perception. Loudness 1s a subjective quantity
that 1s related to the overall sound level of a signal. A model
ol loudness perception takes as an input an arbitrary signal,
and outputs a value of estimated loudness for that signal.
That estimation 1s often based on a model of the auditory
system that uses a filterbank (e.g., an array of bandpass
filters) and a non-linear transformation of the filterbank
output. If multiple example signals are used, then a statis-
tical feature (e.g., the mean, mode, or median) may be used
to describe the loudness associated with each element of the
representative data set, establishing a single loudness value
for each element of the representative data set, thereby
reducing the number of dimensions describing each element.

Brightness may be a subjective dimension of sounds
defined by perceived distinctions between sounds. Bright-
ness may be a function of relative sounds and background
noise, recent sounds, intensity, and other values. As with
loudness, brightness 1s a subjective quantity that 1s related to
the spectral t1lt. A model of brightness perception takes as an
input an arbitrary signal, and outputs a value of estimated
brightness for that signal. As above, each output may be
passed through a model of brightness based on user percep-
tion and then placed along that dimension. Alternatively, the
model of brightness may be an objective metric of bright-
ness based on differences 1 high and low frequency gain.
Either example may establish a brightness value for each
clement 1n the representative data set.

Gain may be an objective dimension defined by the
decibel ratio of the output signal of the hearing assistance
algorithm to the input of the hearing assistance algorithm.
The gain may be an across-frequency average measure of
gain as a dimension on which each element 1s organized,
establishing an overall gain value for each element of the
representative data set.

FIG. 4 1llustrates an example principal component analy-
s1s for the system for hearing assistance device control. This
principal component analysis may relate to a primary control
for the hearing assistance algorithm. In principal component
analysis, the representative data set (or the audiological
values when the statistical algorithm 1s omitted) 1s converted
to principal component values that can be combined 1n a
linear combination to represent the reduced set of data. The
principal components are a space of reduced dimensions. In
such cases, a further reduced dimension may be created via
one or more ftrajectories through the space. In these
examples, two principal components are used, but additional
principal components or only one principal component may
be used. In the case where one principal component 1s used,
the trajectory can be a linear scaling of that component.

In FIG. 4, chart 121 1llustrates a first principal component
of the representative data set and chart 123 illustrates a
second principal component of the representative data set.
The principal components may be described as a function of
frequency on one axis, and as a function of gain on the other
axis. The principal components may be arrays of multiple
data values.

Principal components analysis may refer to a statistical
procedure in which high-dimensional data are reduced to a
weilghted combination of arrays, known as components. The
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components are orthogonal (uncorrelated) to each other, and
cach component has the same number of dimensional as the
input data. The first component describes a portion of the
varlance 1n the data, and each subsequent component
describes a portion of the remaining variance—as long as 1t
1s orthogonal to the preceding components. The first com-
ponent may be maximized to capture as much of the
variance as possible, and the second component may be
maximized to capture as much of the remaining variance as
possible. Identification of components can be accomplished
via eigenvalue decomposition of a data covariance matrix or
by singular value decomposition of a data matrix. The
dimension reduction occurs because each data point 1is
expressed as an array of weights (sometimes call ‘compo-
nent scores’ ), and the number of weights needed to describe
a data point 1s less than the number of dimensions of that
data point. Factor analysis 1s very similar to principal
components analysis except that i1s uses regression modeling
to generate error terms and therefore test hypothesis.

In multidimensional scaling, items expressed as a distance
matrix between 1tems 1n an example data set. A multidimen-
sional scaling algorithm attempts to arrange those 1tems 1n a
low-dimensional space such at that the distances in the
matrix are preserved as well as possible. The number of
dimensions may be specified before analysis begins. A wide
range of specific mathematical techmques can be used, all of
which focus on minimizing the error between the input
distance matrix and the observed distance matrix in the
multidimensional scaling output.

An artificial neural network 1s primarily a machine learn-
ing technique in which there are one or more nodes that
receive an input from a data set, and one or more nodes that
produce an output. There also might be intermediate layers
of nodes (often called hidden layers). A neural network
typically tries to adjust the weights between nodes to best
match the target output. If there are fewer output nodes than
input nodes, then an artificial neural network can be con-
sidered a dimension reduction algorithm.

The list of dimension reduction techniques described
above 1s not exhaustive but are included to illustrate the
numerous ways a data set comprised of high-dimensional
points can, through computational techmques, be reduced to
a lower-dimensional space.

The chart 121 may include a single principal component
with target gains across frequency concatenated across quiet
(50 dB SPL (decibel sound pressure level)), medium (65 dB
SPL), and a loud (80 dB SPL), inputs. Various limits may be
placed on the mput ranges. In some cases (e.g., FIG. 4) the
frequency vs gain function will vary across mput level. In
other cases (e.g., FIG. 6) that function will be constant
across mput levels. FIG. § 1llustrates a chart 130 including
an example trajectory 133 for the principal component
analysis of FIG. 4. As shown by Equation 1, each value 1n
the array R, of the representative data set may be described
using a linear combination of the first principal component
(PC,) and the second principal component (PC,), where PC,
and PC, include an array of values, each value correspond-
ing to a particular frequency and input level. For example,
to arrive at any value of the array R the corresponding first
principal component (PC,) 1s multiplied by a first compo-
nent score (S,) and the second principal component (PC.,) 1s
multiplied by a second component score (S,).

R, =PC,*S,+PC5*S,

Each of the data values 131 1n the chart 130 corresponds
to one of the data values of R . The vertical axis of chart 130

Eq. 1
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corresponds to the first component score (S,) and the
horizontal axis corresponds to the second component score
(S2).

The trajectory 133 1s a single dimension trace of the
two-dimensional data 131. Any point on the trajectory 133
1s an estimation of the data 131. Some of the data 131 may
intersect the trajectory 131 directly, while other points are
spaced from the trajectory. The representative data set 1s
further reduced to a single dimension of points along tra-
jectory 133. The single dimension 1s meamngiul to the user
because 1t follows the empirical data collected from users
regarding the signal processing parameters. Each data value
ol the representative dataset has some location along a new
dimension that 1s meaningful to the user.

The trajectory 133 may be defined by fitting a curve to the
data 131. Curve fitting refers to a wide variety of techniques
in which the curve, or mathematical function that best fits a
particular data set 1s 1dentified. Curve fitting may ivolve
either iterpolation to {it a curve to the data or smoothing 1n
which a smoothing function 1s constructed that approxi-
mately fits the data. Curve fitting via interpolation can
tollow a wide variety of mathematical forms including (but
not limited to) polynomials, sinusoids, power, rational,
spline, and Gaussian. Smoothing can also take a wide
variety of forms including but not limited moving average,
moving median, loess, and Savitzky-Golay. The embodi-
ment Illustrated 1n FIG. 5 focuses on a third-order polyno-
mial.

Each point along the trajectory 133 may be associated
with an array of signal processing values. In one example, a
function may be fit between the position on the trajectory
133 and the corresponding parameter value. Then the values
are computed at each of the desired dimension positions. In
another example, a set of target dimension positions along
the trajectory 133 may be 1dentified. For each target position
a set of signal processing parameters values may be 1denti-
fied. If there are already values 1n the data 131, those values
are used. Otherwise, other values (the full set or just nearby
points) may be used to iterpolate a value for the target
position.

In a simple technique, a predetermined number of nearby
data points are used to interpolate the new values (e.g.,
nearest 2 values, nearest 10 values, or another number of
nearby values). In a more complex technique, all of the
values of the data 131 may be used to interpolate the new
values. In either example, the mterpolation may be accom-
plished using functions such as linear, cubic, and/or spline
interpolation. The resulting trajectory 133 describes a set of
signal processing parameters across a sampling of the new
dimension.

In another example, a function of the loudness level (in
Sones) 1s calculated for each representative output. The
target gain values can be calculated for each Sone value at
a 1-Sone resolution. For each Sone value, 1l there was a
representative output with that value, the target gain asso-
ciated with that representative prescription may be used. If
there was no modal output at that Sone value, the target gain
may be determined using linear interpolation between the
nearest lower and higher modal prescription values. This
provides a continuum 1n which each position corresponded
to target gains that were frequency and iput level specific.
The continuum may define a lookup table in which the user
changes the Sone value (by moving a “loudness” setting)
and the associated signal processing parameter values are
updated in real time. The compression time constants may
be set to the same value (e.g., 1 ms attack, 100 ms release).
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FIG. 6 illustrates another example principal component
analysis for the system for hearing assistance device control.
A chart 141 1illustrates a first principal component of the
representative data set and chart 143 illustrates a second
principal component of the representative data set. This
principal component analysis may relate to a secondary
control, or fine tuning control, for the hearing assistance
algorithm, and the principle component analysis of FIGS. 4
and 5 may relate to a primary control for the hearing
assistance algorithm.

The fine tuning control or tone controller may be based on
patient surveys or other empirical data. Common patient
complaints from clinical hearing aid fittings may describe
adjustments made during the fine-tuning process in response
to patient complaints. In one example, the four most com-
mon complaints that the fitting experts associated with
frequency spectrum are “Tinny,” “Sharp,” “Hollow.” and “In

a Barrell/Tunnel/Well”.

A NAL prescription for an individual may be modified by
a series ol frequency-gain curves, and rated the extent to
which each modification captured the meaning of each
descriptor. Descriptor-to-parameter mapping may be accoms-
plished using a regression-based technique in which a
weight 1s computed for each frequency band that indicated
the relative magnitude and direction of how gain 1n that band
influences perception of the descriptor.

In one example, the principal components analysis con-
ducted on the entire set of weighting functions (across all
patients and all descriptors) revealed that the full range of
variation 1 weighting functions could be captured well by
a small number of components. The {first component
accounted for 78.4% of the variance in weighting function
shape, and was a gradual spectral tilt spanming roughly 0.5-3
kHz that had a crossover frequency near 1.2 kHz and a slight
peak near 3 kHz. The second component accounted for an
additional 17.2% of the variance and was Gaussian-shaped
with a wide bandwidth centered near 1.3 kHz, adjusting the
middle and low/high extreme frequencies in opposite direc-
tions. In this example, two principal components account for
95.6% of the variance 1n the data. After principal compo-
nents analysis, each weighting function in the entire set
could be described as a weighted combination of the two
identified components. If additional principal components
are used, the accounted for variance may approach 100%.

FIG. 7 illustrates an example trajectory 145 for the
component analysis of FIG. 6. As shown by Equation 1
above, each value 1n the array R, of the representative data
set may be described using a linear combination of the first
principal component (PC,) and the second principal com-
ponent (PC,). For example, to arrive at any value of the
array R, the corresponding first principal component (PC, )
1s multiplied by a first component score (S, ) and the second
principal component (PC,) 1s multiplied by a second com-
ponent score (S,).

The trajectory 147 1s a single dimension trace of the
two-dimensional data 145. Any point on the trajectory 147
1s an estimation of the data 145. The trajectory 147 may be
calculated or estimated using any of techniques described
above.

In addition, in some cases there might be undesirable
non-monotonic variation in parameter values across the
dimension (e.g., an increase then decrease in gain at a
particular frequency). In this case a variety of smoothing
techniques can be used. Example smoothing techniques
include a moving-average smoothing technique, in which a
window size for the smoothing technique 1s increased until
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a threshold (e.g., monotonicity) 1s reached. In addition or 1n
the alternative, loss (linear or quadratic) smoothing may be
used.

The trajectories 133 and/or 147 describe a new dimension
and positions along that dimension correspond to a set of
signal processing parameter value combinations that 1s rep-
resentative of the combinations that are regularly observed
in a population of interest.

FIG. 8 illustrates an example user interface 150 for the
system for hearing assistance device control. The user
interface includes a first control device (CONTROL 1) and
a second control device (CONTROL 2). The first control
device may be associated with the primary control for the
hearing assistance algorithm as described above with refer-
ence to FIGS. 4 and 5. The second control device may be
associated with the secondary control (e.g., fine tuning) for
the hearing assistance algorithm as described above with
reference to FIGS. 6 and 7. As the first control device 1s
rotated or otherwise actuated, the hearing assistance algo-
rithm uses a set of signal processing parameters that corre-
sponds to a location along the trajectory 133. As the second
control device 1s rotated or otherwise actuated, the hearing
assistance algorithm modifies the signal processing param-
cters along the trajectory 147.

Either or both of the first and second control devices may
be limited to a single degree of freedom. The single degree
of freedom may be provided by a touchscreen control, which
may be a dial as shown by FIG. 8, a rotary knob, a slider, a
scroll bar, or a text mput. A position of the touchscreen
control may correspond to a scaled value 1n a predetermined
range (e.g., 1 to 10). The single degree of freedom may be
provided by a physical control device. Example physical
control devices include a knob, a dial, or up and down
buttons for scrolling the scaled value in the predetermined
range. Each data value of the predetermined range corre-
sponds to a location along the respective trajectories 133 and
147.

The first control device may be associated with a meter
level 151, and the second control device may be associated
with a meter level 153. The left and right sides of the meter
might refer to the controller positions associated with the left
and right ears.

The user intertace 150 may include a user information
input 155 and a configuration mput 157. The user informa-
tion input 155 may allow the user to include demographic
information such as birthday, birth year, gender, name,
location, or other data), and hearing information such as
duration of past hearing loss, degree of past hearing loss.
Example degrees of past hearing loss may be textual or
numeric (e.g., (1) no trouble, (2) a little trouble, (3) some
trouble, or (4) severe trouble).

The configuration mmput 157 may include tuning options
for making adjustments to the hearing assistance algorithm.
For example, the configuration input 157 may allow the user
to report performance of the hearing assistance algorithm.
The configuration input 157 may include a communication
option for requesting service or technical support.

FIG. 9 1llustrates another example user interface 152 for
the system for hearing assistance device control. The user
interface 152 may include any combination of the compo-
nents described for user interface 150. The user interface
152 may also include a grid 159 that represents the current
signal processing parameters for the hearing assistance
algorithm. The grid 159 may include regions or quadrants
that represent the pitch and loudness of the spectrum of
sounds amplified by the hearing assistance algorithm.
Examples include low pitch and loud sounds, high pitch and
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loud sounds, low pitch and quiet sounds, and high pitch and
quiet sounds. The grid may include treble to base on one axis
and quiet too loud on another axis. The grid 159 describes
the acoustics of the mput signal 1n terms of the mnput level
for different frequency bands.

Each of the isolines 160 may diflerentiate regions for
which the same amount (or similar amounts) of gain are
applied. The 1solines 160 may be spaced by a predetermined
gain level, which may be linear or logarithmic. An example
spacer may be 1 decibel, 3 decibels, or 10 decibels.

The user interfaces 150 and 152 may correspond to the

computing device 100 or hearing assistance device 108
described with FIGS. 1A-B and 2A-B. Various scenarios are
possible. The user may manipulate user interfaces 150 and
152 that exists either on a mobile device (e.g., phone, tablet,
wearable computer), a personal computer, or on the hearing,
assistance device 1tself. Through one of several interaction
paradigms described below (see “user interaction para-
digms™), the user may select a position along the new
dimension or trajectories described above. That position
may be translated into a set of signal processing parameter
values (either on the mobile device or on the hearing
assistance device). The values may be sent to the hearing
assistance device (through a wired or wireless connection, 1f
not on the device itsell) and may be updated 1n real time.
Data may flow from the mobile device using the user
interfaces 150 and 152 to parameter translation, which 1s
sent to the hearing assistance device. In another embodi-
ment, set of controller positions are sent from the mobile
device to the hearing assistance device, and the hearing
assistance device performs the parameter translation.

The control devices that are used manipulate the signal
processing parameters along the dimension-reduced conti-
nua can be used 1n a variety of clinical/non-clinical settings.
In one example, the hearing assistance algorithm 1s adjusted
in conjunction with a clinician, but with free exploration. A
clinician may provide an 1nitial suggestion of control device
positions. However, the user 1s free to manipulate the control
device during everyday lives. The interfaces 150 and/or 152
may also include a simple method (e.g., a button to reset or
load default settings) to return to the clinician-recommended
setting.

In another example, the hearing assistance algorithm 1s
adjusted 1n conjunction with a clinician, but within a
restricted range. A clinician can limit the range of potential
control device positions. The user can manipulate the control
devices in their everyday lives, but only with a range that the
clinician determines to be acceptable. In another example,
the hearing assistance algorithm is adjusted in which the
clinician provides a recommendation and limaits the range of
potential control device positions.

In another example, the hearing assistance algorithm 1s
adjusted by the user alone. The user does not interact with
a clinician for adjusting the hearing assistance algorithm.
The user 1s able to freely manipulate control devices to the
tull extent 1n their everyday lives. In another example, the
hearing assistance algorithm 1s adjusted by the user alone
but with restrictions. The user does not interact with a
climician for adjusting the hearing assistance algorithm. The
user may manipulate control devices 1n a restricted range
determined by diagnostic or aesthetic criteria.

In another aspect, user interaction paradigms are used.
The term, “selection” describes when a control device i1s
changed from an inactive state (it does not change its value
in response to user mput) to an active state (1t does change
its value to user mnput). The term, “manipulation” describes
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when the position along the new dimension (described
above) 1s being changed via a user interaction with the
control device.

Selection can be accomplished by a variety of methods
including touching with a finger or a stylus, clicking with a
mouse cursor, looking at a control device 1n an eye-tracking
paradigm, or using a voice command. Similarly manipula-
tion can be accomplished by a variety of methods such as
dragging a mouse cursor, dragging a finger or stylus, shifting
gaze, or tilting a device containing an accelerometer, a
gyrometer, or a magnetic sensor.

Selection and manipulation can be implemented 1 a
variety ol different control device paradigms. Aspects of
selection and manipulation may include an absolute control
device, a relative control device, an acoustical representa-
tion, or increase/decrease button. Using the absolute control
device, interaction begins when a user selects a designated
part of the control device (e.g., a slider head) and manipu-
lates the position of that designated part (e.g., the length of
a shider). Using the relative control device, interaction
begins when a user selects any part of the control device.
Movements relative to 1mitial placement of a pointer are
tracked to manipulate the position along the dimension, but
there 1s no relationship between the absolute position of the
pointer and the dimension position. This paradigm 1s espe-
cially usetul for small screens (e.g., phones) and for users
with poorer-than-normal dexterity.

Using acoustical representation 1s similar to the relative
control device except that the control device 1s a represen-
tation of the current acoustical environment. The acoustical
environment can be represented as a two dimensional blob
in which frequency 1s on the x-axis and output level on the
y-axis. The blob can represent the mean and variability of
the output spectrum. The blob can also be one dimensional
in which only the mean 1s displayed.

Using increase/decrease buttons, interaction begins when
the user selects an endpoint of a continuum. A selection may
mampulate the dimension position 1 the direction by a
specified amount. A longer selection may gradually manipu-
late the dimension position toward the selected direction
(c.g. the endpoints of a scroll bar). The dimension position
selected by the user can be displayed 1n a number of different
examples which may include a series of frequency versus
gain curves, one for each mput level.

FIG. 10 illustrates an example device 20, which may be
the computing device 100 or the hearing assistance device
108 of the system of FIG. 1. The device 20 may include a
controller 200, a memory 201, an input device 203, a
communication interface 211 and a display 205. As shown,
in FIGS. 1A-B and 2A-B, the device 20 may also include the
microphone 103 and the speaker 105. Additional, different,
or fewer components may be provided. Diflerent devices
may have the same or different arrangement of components.

The display 205 may include a touchscreen or another
type of user interface including at least one control input for
settings of a hearing assistance device. The display may
include either of the user interface 150 or user interface 152
described above. The user interface may include only one of
the control devices. For example, the user interface may
only include the primary control (e.g., loudness control)
only the secondary control (e.g., fine tuning control) or a
combination of both.

The controller 200 1s configured to translate data from the
at least one control input to one or more positions along a
trajectory of a reduced data set. The trajectory may be any
of the curve fittings or interpolated paths described above.
The reduced data set may be derived from a set of audio-
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logical values for a population. Alternatively, the reduced
data set may be the trajectory directly derived from the full
set of audiological values for the population. In either case,
the trajectory includes less dimensions that the reduced data
set and less dimensions that the audiological values.

The at least one control mput may be a dimension-
reduced controller (DRC) designed using a principled, data-
driven approach that makes the most common combinations
of parameter values easily accessible to the user with two
casily-understandable controllers (“loudness” and “tone”).
The user 1s allowed to modily a wide range of signal
processing parameters with controllers that simultaneously

modily many parameter values through a single dimensional
control mnput.

The memory 201 1s configured to store preset settings for
the hearing assistance algorithm. Separate preset settings
may be stored for a typically shaped mild hearing loss,
settings for a typically shaped moderate loss, settings for a

typically shaped severe hearing loss, or settings for a typi-
cally shaped profound hearing loss.

The display 205 may include an input for the user to save
the current signal processor parameters in memory 201. The
controller 200 may include instructions for saving and
recalling control device positions. If the user wishes to
return to the current settings, the user can ‘save’ them. The
saved data can contain any or all of the following: the
current signal processing parameter values, the current con-
troller positions, the current dimension positions, statistics/
recordings ol the current acoustic environment, statistics/
recordings of the current hearing aid output (or estimated
output), or the like. The saved data can reside on the mobile
device, personal computer, hearing assistance device, or on
a remote server.

To recall the settings, the user may receive the saved data
from the stored location. If the stored data contains the
signal processing parameters, then those can be directly
implemented 1n the hearing assistance device 108. If the
stored data contains acoustic features, then one of the
devices may first run an optimization routine to identify the
combination of signal processing parameters that best match
the target output acoustic features or the features of the target
manipulation. Data for the hearing aid fitting device could
flow 1n various ways, which may include (1) mobile device
to remote server to mobile device to hearing assistance
device, (2) hearing assistance device to remote server to
hearing assistance device, (3) mobile device to hearing
assistance device, or (4) hearing assistance device.

FIG. 11 1llustrates an example tlowchart for the example
device of FIG. 10. Additional, different, or fewer acts may
be provided. The acts are performed 1n the order shown or
other orders. The acts may also be repeated.

At act S101, the microphone 103, the controller 200, or
the communication nterface 211 may receive an audio
signal. The audio signal may include speech, noise, televi-
sion, radio sounds, or other sounds. At act S103, the con-
troller 200 1s configured to modity the audio signal accord-
ing to a first set of signal processing parameters. The
controller 200 may output amplified audio signals to the
speaker 105 based on the first set of signal processing
parameters.

At act S105, the display 205, the controller 200, or the
communication interface 211 may receive data from a single
dimensional input to adjust the subset or all of the first set
of signal processing parameters. At act S207, the controller
200 15 configured to modity the audio signal according to the
adjusted set of signal processing parameters.
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The mput device 203 may be one or more buttons, a
keypad, a keyboard, a mouse, a stylus pen, a trackball, a
rocker or toggle switch, a touch pad, a voice recognition
circuit, or other device or component for inputting data to
the device 20. The mput device 203 and the display 211 may
be combined as a touch screen, which may be capacitive or
resistive. The display 211 may be a liquid crystal display
(LCD) panel, light emitting diode (LED) screen, thin film
transistor screen, or another type of display. The display 211
1s configured to display the first and second portions of the
content.

FIG. 12 1illustrates an example server 107 for the system
of FIG. 1. The server 107 includes at least a memory 301, a
controller 303, and a communication interface 305. In one
example, a database 307 stores any combination of itial
audiological values, reduced audiological values, signal
processing parameters, stored signal processing settings, or
other data described above. Additional, different, or fewer
components may be provided. Different network devices
may have the same or different arrangement of components.
FIG. 13 1llustrates an example flowchart for the server 107.
Additional, different, or fewer acts may be provided. The
acts are performed 1n the order shown or other orders. The
acts may also be repeated.

At act S201, the controller 303 accesses a set of audio-
logical values for a population from memory 301 or data-
base 307. The set of audiological values may be a complete
set of clinical measurements. The set of audiological values
may be a statistically simplified set of clinical measure-
ments. The set of audiological values has a first number of
dimensions. In one example, the number of dimensions 1s
two or higher. In one example, the number of dimensions
may be much higher (e.g., greater than 100) because mul-
tiple independent variables are present in the set of audio-
logical values.

In act S203, the controller 303 converts the set of audio-
logical values to a reduced data set. The reduced data set has
a second number of dimensions that 1s less than the first
number of dimensions. The reduced data set may be derived
from a principal component analysis or another dimension
reducing technique.

In act S203, the controller 303 calculates a curve that
estimates the reduced data set. The curve 1s fit to the reduced
data set from the principal component analysis or another
dimension reducing technique. The curve may have a single
dimension because for any x-value on the curve there is
exactly one y-value, or vice versa. The curve defines signal
processing parameters for a hearing assistance algorithm.

In act S207, the communication interface 305 sends the
curve to an external device, which applies the signal pro-
cessing parameters to the hearing assistance algorithm. The
external device may be a hearing assistance device or a
mobile device, as described above. The external device may
send a control mput to move along the curve to modify the
signal processing parameters for the hearing assistance
algorithm.

The controllers 200 and 303 may include a general
processor, digital signal processor, an application specific
integrated circuit (ASIC), field programmable gate array
(FPGA), analog circuit, digital circuit, combinations thereof,
or other now known or later developed processor. The
controllers 200 and 303 may be a single device or combi-
nations of devices, such as associated with a network,
distributed processing, or cloud computing.

The memories 201 and 301 may be a volatile memory or
a non-volatile memory. The memories 201 and 301 may
include one or more of a read only memory (ROM), random
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access memory (RAM), a flash memory, an electronic
erasable program read only memory (EEPROM), or other
type of memory. The memories 201 and 301 may be
removable from their respective devices, such as a secure
digital (SD) memory card.

The communication interface may include any operable
connection (e.g., egress port, igress port). An operable
connection may be one in which signals, physical commu-
nications, and/or logical communications may be sent and/or
received. An operable connection may include a physical
interface, an electrical interface, and/or a data interface.

While the computer-readable medium 1s shown to be a
single medium, the term “computer-readable medium”
includes a single medium or multiple media, such as a
centralized or distributed database, and/or associated caches
and servers that store one or more sets of istructions. The
term “‘computer-readable medium™ shall also include any
medium that 1s capable of storing, encoding or carrying a set
of instructions for execution by a processor or that cause a
computer system to perform any one or more of the methods
or operations disclosed herein.

In a particular non-limiting, exemplary embodiment, the
computer-readable medium can include a solid-state
memory such as a memory card or other package that houses
one or more non-volatile read-only memories. Further, the
computer-readable medium can be a random access memory
or other volatile re-writable memory. Additionally, the com-
puter-readable medium can include a magneto-optical or
optical medium, such as a disk or tapes or other storage
device to capture carrier wave signals such as a signal
communicated over a transmission medium. A digital file
attachment to an e-mail or other self-contained information
archive or set of archives may be considered a distribution
medium that 1s a tangible storage medium. Accordingly, the
disclosure 1s considered to include any one or more of a
computer-readable medium or a distribution medium and
other equivalents and successor media, 1n which data or
instructions may be stored. The computer-readable medium
may be non-transitory, which includes all tangible computer-
readable media.

In an alternative embodiment, dedicated hardware 1mple-
mentations, such as application specific integrated circuits,
programmable logic arrays and other hardware devices, can
be constructed to implement one or more of the methods
described herein. Applications that may include the appara-
tus and systems of various embodiments can broadly include
a variety of electronic and computer systems. One or more
embodiments described herein may implement functions
using two or more specific interconnected hardware modules
or devices with related control and data signals that can be
communicated between and through the modules, or as
portions of an application-specific integrated circuit.
Accordingly, the present system encompasses soltware,
firmware, and hardware implementations.

In accordance with various embodiments of the present
disclosure, the methods described herein may be imple-
mented by solftware programs executable by a computer
system. Further, in an exemplary, non-limited embodiment,
implementations can include distributed processing, com-
ponent/object distributed processing, and parallel process-
ing. Alternatively, virtual computer system processing can
be constructed to implement one or more of the methods or
functionality as described herein.

Although the present specification describes components
and functions that may be mmplemented in particular
embodiments with reference to particular standards and
protocols, the invention 1s not limited to such standards and
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protocols. For example, standards for Internet and other
packet switched network transmission (e.g., TCP/IP, UDP/
IP, HTML, HTTP, HITPS) represent examples of the state
of the art. Such standards are periodically superseded by
faster or more eflicient equivalents having essentially the
same functions. Accordingly, replacement standards and
protocols having the same or similar functions as those
disclosed herein are considered equivalents thereof.

A computer program (also known as a program, software,
soltware application, script, or code) can be written 1n any
form of programming language, including compiled or
interpreted languages, and 1t can be deployed 1n any form,
including as a standalone program or as a module, compo-
nent, subroutine, or other unit suitable for use 1n a computing
environment. A computer program does not necessarily
correspond to a file 1n a file system. A program can be stored
in a portion of a file that holds other programs or data (e.g.,
one or more scripts stored 1n a markup language document),
in a single file dedicated to the program in question, or 1n
multiple coordinated files (e.g., files that store one or more
modules, sub programs, or portions of code). A computer
program can be deployed to be executed on one computer or
on multiple computers that are located at one site or dis-
tributed across multiple sites and interconnected by a com-
munication network.

The processes and logic flows described 1n this specifi-
cation can be performed by one or more programmable
processors executing one or more computer programs to
perform functions by operating on input data and generating
output. The processes and logic flows can also be performed
by, and apparatus can also be implemented as, special
purpose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application specific integrated
circuit).

Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
purpose microprocessors, and anyone or more processors of
any kind of digital computer. Generally, a processor may
receive instructions and data from a read only memory or a
random access memory or both. The essential elements of a
computer are a processor for performing instructions and
one or more memory devices for storing instructions and
data. Generally, a computer will also include, or be opera-
tively coupled to receive data from or transier data to, or
both, one or more mass storage devices for storing data, e.g.,
magnetic, magneto optical disks, or optical disks. However,
a computer need not have such devices. Computer readable
media suitable for storing computer program instructions
and data include all forms of non-volatile memory, media
and memory devices, including by way of example semi-
conductor memory devices, e.g., EPROM, EEPROM, and
flash memory devices; magnetic disks, e.g., iternal hard
disks or removable disks; magneto optical disks; and CD-
ROM and DVD-ROM disks. The processor and the memory
can be supplemented by, or incorporated 1n, special purpose
logic circuitry.

While this specification contains many specifics, these
should not be construed as limitations on the scope of the
invention or of what may be claimed, but rather as descrip-
tions of features specific to particular embodiments of the
invention. Certain features that are described 1n this speci-
fication 1n the context of separate embodiments can also be
implemented in combination 1n a single embodiment. Con-
versely, various features that are described 1n the context of
a single embodiment can also be implemented 1n multiple
embodiments separately or in any suitable sub-combination.
Moreover, although features may be described above as
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acting in certain combinations and even initially claimed as
such, one or more features from a claimed combination can
in some cases be excised from the combination, and the
claimed combination may be directed to a sub-combination
or variation of a sub-combination.
Similarly, while operations are depicted in the drawings
and described herein 1n a particular order, this should not be
understood as requiring that such operations be performed in
the particular order shown or 1n sequential order, or that all
illustrated operations be performed, to achieve desirable
results. In certain circumstances, multitasking and parallel
processing may be advantageous. Moreover, the separation
ol various system components in the embodiments described
above should not be understood as requiring such separation
in all embodiments, and i1t should be understood that the
described program components and systems can generally
be 1mntegrated together 1n a single software product or pack-
aged 1mto multiple software products.
It 1s mntended that the foregoing detailed description be
regarded as illustrative rather than limiting and that it 1s
understood that the following claims including all equiva-
lents are intended to define the scope of the invention. The
claims should not be read as limited to the described order
or elements unless stated to that eflect. Therefore, all
embodiments that come within the scope and spirit of the
following claims and equivalents thereto are claimed as the
invention.
I claim:
1. A system comprising;:
a display device configured to present a user interface
including at least two control inputs, wherein combi-
nations of individual positions of the at least two
control inputs each represents a combination of param-
cters associated with settings of a hearing assistance
device; and
one or more processing devices configured to perform
operations comprising;:
receiving, via the user interface, user-input indicative
of a particular combination of positions of the at least
two control inputs,

accessing a representation of a trajectory, wherein each
of a plurality of points on the trajectory maps a
combination of positions of the at least two control
inputs to a corresponding combination of the param-
cters,

determining, using the representation, a particular com-
bination of the parameters that corresponds to the
particular combination of positions of the at least two
control mnputs, and

generating one or more control signals configured to
cause adjustments to settings of the hearing assis-
tance device in accordance with the particular com-
bination of the parameters.

2. The system of claim 1, wherein determining the par-
ticular combination of the parameters further comprises:
providing, to a remote computing device, miormation rep-
resenting the particular combination of positions received
via the user interface; and receiving, from the remote
computing device, information representing the particular
combination of the parameters.

3. A method comprising:

presenting, on a display of a computing device, a user
interface that includes at least two control inputs,
wherein combinations of individual positions of the at
least two control inputs each represents a combination
of parameters associated with settings of a hearing
assistance device;
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receiving, via the user interface, user-input indicative of a
particular combination of positions of the at least two
control 1nputs;

accessing a representation of a trajectory, wherein each of
a plurality of points on the trajectory maps a combi-
nation of positions of the at least two control mputs to
a corresponding combination of the parameters;

determinming, using the representation, a particular com-
bination of the parameters that corresponds to the
particular combination of positions of the at least two
control 1nputs; and

sending, to the hearing assistance device, information
representative ol the particular combination of the
parameters, such that the information 1s usable for
adjusting settings of the hearing assistance device.

4. The method of claim 3, wherein determining the
particular combination of the parameters further comprises:
providing, to a remote computing device, information rep-
resenting the particular combination of positions received
via the user interface; and receiving, from the remote
computing device, iformation representing the particular
combination of the parameters.

5. One or more machine-readable storage devices storing
instructions executable by one or more processing devices to
perform operations comprising:

presenting, on a display of a computing device, a user
interface that includes at least two control inputs,
wherein combinations of individual positions of the at
least two control mputs each represents a combination
of parameters associated with settings of a hearing
assistance device;

recerving, via the user mterface, user-input indicative of a
particular combination of positions of the at least two
control 1nputs;

accessing a representation of a trajectory, wherein each of
a plurality of points on the trajectory maps a combi-
nation of positions of the at least two control mputs to
a corresponding combination of the parameters;

determiming, using the representation, a particular com-
bination of the parameters that corresponds to the
particular combination of positions of the at least two
control 1puts; and

sending, to the hearing assistance device, information
representative ol the particular combination of the
parameters, such that the information 1s usable for
adjusting settings of the hearing assistance device.

6. The or more machine-readable storage devices of claim

5, wheremn determining the particular combination of the
parameters further comprises: providing, to a remote com-
puting device, information representing the particular com-
bination of positions received via the user interface; and
receiving, from the remote computing device, information
representing the particular combination of the parameters.

7. A method comprising:

receiving, at a server, a set ol audiological values for each
of a plurality of individuals 1n a population of hearing
assistance device users, wherein each of the sets com-
prises values corresponding to a first number of param-
cters associated with settings of a corresponding hear-
ing assistance device;

determining, by the server, a reduced data set correspond-
ing to the set of audiological values for each of the
plurality of individuals, wherein each of the reduced
data sets comprises values corresponding to a second
number of parameters, the second number being less
than the first number;
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calculating, by the server, a trajectory representative of a
distribution of the reduced data sets 1n a space having
number of dimensions equal to the second number,
wherein different points along the trajectory represent
corresponding settings for a hearing assistance device;
and

storing a representation of the trajectory on a storage
device such that data corresponding to positions along
the trajectory 1s available for providing to hearing
assistance devices.

8. The method of claim 7, wherein determining the
reduced data set comprises using a principal component
analysis or self-orgamizing maps on the sets of audiological
values.

9. The method of claim 7, wherein the set of audiological
values comprises one or more parameters that are based on
an audiogram of the corresponding individual.

10. The method of claim 7, further comprising:

receiving, by the server from a remote computing device,
data representing a controller position associated with
a particular hearing assistance device;

determining, by the server based on the trajectory, settings
of the particular hearing assistance device that corre-
spond to the controller position; and

providing the settings such that the settings are usable 1n
adjusting the particular hearing assistance device.

11. The method of claim 7, further comprising:

transmitting, to a remote computing device, data repre-
senting the trajectory.

12. One or more machine-readable storage devices storing
instructions executable by one or more processing devices to
perform operations comprising:

receiving a set of audiological values for each of a
plurality of individuals 1n a population of hearing
assistance device users, wherein each of the sets com-
prises values corresponding to a first number of param-
cters associated with settings of a corresponding hear-

ing assistance device;
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determiming a reduced data set corresponding to the set of
audiological values for each of the plurality of indi-
viduals, wherein each of the reduced data sets com-
prises values corresponding to a second number of
parameters, the second number being less than the first
number;
calculating a trajectory representative of a distribution of
the reduced data sets 1 a space having number of
dimensions equal to the second number, wherein dii-
ferent points along the trajectory represent correspond-
ing settings for a hearing assistance device; and

storing a representation of the trajectory on a storage
device such that data corresponding to positions along
the trajectory i1s available for providing to hearing
assistance devices.

13. The one or more machine-readable storage devices of
claiam 12, wherein determining the reduced data set com-
prises using a principal component analysis or self-organiz-
ing maps on the sets of audiological values.

14. The one or more machine-readable storage devices of
claim 12, wherein the set of audiological values comprises
one or more parameters that are based on an audiogram of
the corresponding individual.

15. The one or more machine-readable storage devices of
claim 12, further comprising instructions for:

recerving data representing a controller position associ-

ated with a particular hearing assistance device;
determining settings of the particular hearing assistance

device that correspond to the controller position; and
providing the settings such that the settings are usable 1n

adjusting the particular hearing assistance device.

16. The one or more machine-readable storage devices of
claim 12, further comprising instructions for:

transmitting, to a remote computing device, data repre-

senting the trajectory.
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